INTRODUCTION
Common Name.-Newberry Burrowing Crayfish (Taylor et al., 2007) Conservation status.-Endangered (Taylor et al., 2007) , critically imperiled in South Carolina and globally (S1, G1; South Carolina Comprehensive Wildlife Conservation Strategy 2005 -2010 , [SC CWCS] 2005 ). Based on the species' limited distribution (, 20,000 km 2 ) and its observed decline at population sites (Eversole, 1995a, b, unpublished data) D. youngineri has been classified as vulnerable, VU B1b (i, iv), following IUCN (2001) .
Identification.-The Newberry burrowing crayfish ( Fig. 1) , Distocambarus youngineri Hobbs and Carlson, 1985 originally occured in two localities in the southwestern part of Newberry County, South Carolina. The genus Distocambarus, elevated to generic level by Hobbs and Carlson (1983) , embraces two species, D. devexus (Hobbs, 1981) , and D. crockeri Hobbs and Carlson, 1983 , in the subgenus Distocambarus, and three species, D. carlsoni Hobbs, 1983, D. youngineri, and D. hunteri Fitzpatrick and Eversole, 1997 , in the subgenus Fitzcambarus.
The form I male gonopod shaft of D. youngineri terminates in two elements, a short broad plate-like central projection disposed at about 45u to the main axis and a broad-based mesial process tapering distally to a longpointed element (Hobbs and Carlson, 1985) . A small but distinct cephalic shoulder subtends the central projection on the curved shaft of form I male gonopods. Form I males contain a hook on the ischium of the third pereiopod but lack a boss on the coxa of the fourth pereiopod. The mesial margin of the palm is distinctly shorter than the palm width and carpus length of the cheliped (Hobbs and Carlson, 1985; Eversole and Jones, 2004) . Two rows of less than seven tubercles line the mesial margin of the cheliped. The aerola is at least 15 times as long as wide and the carapace lacks cervical spines (Hobbs and Carlson, 1985; Eversole and Jones, 2004) . Articulation of the female annulus ventralis allows hinge-like motion through an arc less than 50u (Hobbs and Carlson, 1985) . Body color is variable and not diagnostic, bluish lavender to pink approaching reddish tan in some individuals (Hobbs and Carlson, 1985) . The body shape is characteristic of primary burrowers, with chelae modified to facilitate burrow excavation, reduced abdomen, vaulted carapace, reduced projections and small pigmented eyes (Hobbs, 1975) .
NATURAL HISTORY
Distribution.-Collection records indicate that D. youngineri is restricted to a few locations in Newberry County, South Carolina (Fig. 2) . The first specimens of the species were collected from the type locality and a second site just 14.4 air km away (Hobbs and Carlson, 1985) . Hobbs and Carlson (1985) reported that extensive searches failed to find other D. youngineri colonies in Newberry County. Concern over the apparent restrictive and disjunct nature of the D. youngineri distribution resulted in follow-up surveys. Four new localities were found by Eversole (1990 Eversole ( , 1995a ; three of the four new records were within 0.8-km radius of one of Hobbs and Carlson's (1985) sites, whereas the fourth collection site was approximately 16 km from the type locality. The type locality was a small woodland pool surrounded by a mature forest when Hobbs and Carlson (1985) described D. youngineri, but the forest was clear cut in 1989. After the clear cutting, surveys of the type locality failed to yield D. youngineri until 2008 when two individuals were collected (Eversole, 1989 (Eversole, , 1990 (Eversole, , 1995b . In 2008, the area surrounding the type locality supported a planted-pine plantation approximately 8-10 m in height.
A subsequent three-county survey in 1994 added four new sites to the distribution data, but three of these sites were within 0.5 km of each other and 1 km of Hobbs and Carlson's (1985) recorded sites whereas the fourth site was only 5.5 km east of the type locality (Eversole, 1995b) . Seven of the 10 sites for D. youngineri recorded in the 1994 survey were clustered around the town of Silverstreet in southwestern Newberry County, within the Saluda River drainage (hydro-unit 03050109). Subsequent surveys of similar habitats in the Saluda River drainage and adjacent drainages failed to significantly increase the range of D. youngineri. These observations, apparent population reduction at the type locality (Eversole, 1995b) and the limited regional distribution of D. youngineri resulted in conservation classifications of endangered (Taylor et al., 1996 (Taylor et al., , 2007 and critically imperiled (SC CWCS, 2005) . Welch and Eversole (2002) realized that previous surveys based on searches of ''similar habitat'' types were ineffective, and elected to use a GIS-based habitat model developed for a surrogate primary burrowing species of Distocambarus. They assumed the habitats of D. youngineri were similar to those of the surrogate, D. crockeri, and used a spatially explicit logistic regression model that indicated a significant positive relationship between perched water tables and D. crockeri presence in Sumter National Forest, South Carolina. The investigators then sampled nine randomly selected perched-water sites in Newberry County; D. youngineri were present at three of the four perchedwater sites within the species' known range and absent at five sites outside the known species' range. All the populations of D. youngineri were new records and in the Saluda River drainage (0305109).
Welch (2008) then modified the GIS-based habitat models for D. crockeri and D. youngineri (Welch and Eversole, 2002, 2006) and incorporated new soils data from the Soil Survey Geographic Database (SSURGO; Soil Survey Staff, 2007) to reexamine D. youngineri presence/ absence in Newberry and Saluda counties. The five previously undocumented population sites were located within the species known range, and all five new locations were . 3 km from previously documented sites. The GISbased habitat model was also used to identify survey areas with high probabilities of occurrence for species of Distocambarus in Lexington, Laurens, Fairfield, and Chester counties, South Carolina, but no populations were found.
Future surveys may increase the number of recorded localities with D. youngineri, beyond the current total of 19 populations (Fig. 2) , but the species remains in a precarious state because known populations appear to be isolated from each other in only a small area of Newberry County, South Carolina.
Abundance.-Population density estimates for D. youngineri are lacking, partially because of a concern for using destructive sampling methods with a rare and sensitive species, and because of the difficulties associated with sampling primary burrowing crayfish. Also, during drought conditions burrow excavations are exceedingly difficult, time consuming, and frequently fail to yield specimens. The average (6 SD) catch per unit effort at five known sites was 1.8 6 0.91 D. youngineri per man hour of excavation (Eversole, unpublished data) . Burrow openings and turret counts that have been used to estimate primary burrower crayfish abundance (Johnston and Figiel, 1997; Welch et al., 2008) would be less destructive and more time efficient once the catch per unit effort was established for the species.
Habitat and Ecology.-Distocambarus youngineri were typically found in poorly drained areas where the ground was saturated during the wet part of the year (Nov-Mar). These sites were not associated with floodplains or streams and only the type locality had standing water, a small (4 3 15m) adjacent unnamed woodland pool (Hobbs and Carlson, 1985) . No crayfish or burrows were found in the woodland pool by Hobbs and Carlson (1985) or us. Some of the D. youngineri recorded localities were in low moist areas near the headwaters of streams (colluvial valleys) whereas others were not, e.g., one site was a low sloping lawn in Silverstreet and another site was located in a machine maintained power line easement (Eversole, 1995b; Welch and Eversole, 2002) . Similar to D. crockeri, free water in D. youngineri burrows varied with the seasonal hydro-period and live specimens were collected from burrows without free water during the summer of 2007 (Welch, unpublished data) .
A range of soil types has been identified at localities with D. youngineri and includes those with seasonal apparent water tables, e.g., Chewacla and Worsham, and those with seasonal perched water tables, e.g., Sedgefield, Helena, and Santuc (Eversole, 1995b; Welch, 2008) . However, GISbased habitat models depicting seasonal perched water tables have been very successful in locating populations of D. youngineri within the species' range (Welch and Eversole, 2002; Welch, 2008) , and 13 (68%) of the 19 documented locations with D. youngineri are situated in soils supporting seasonal perched water tables. These soils are characterized by a near surface (, 2 m deep) soil horizon that restricts vertical water movement and insures free water in the burrow during periods of high rainfall. Since free water in the burrow is necessary for crayfish reproduction, soil conditions that retain water for sufficient durations that allow successful reproduction should be considered an essential habitat characteristic for D. youngineri.
Detailed vegetation analysis of habitats for D. youngineri is limited. The type locality was a wooded area with species of pine, oak, and gum (Hobbs and Carlson, 1985) , and the dominant trees in five localities with D. youngineri were willow and water oaks in mixed pine-hardwood overstory and sweet gum, American elm, and red maple in the midstory forest (Eversole, 1995b) . Welch (2008) used paired logistic regression to compare D. youngineri presence/absence in forested vs. open-canopy habitats at two locations. Averaged odds ratios for the two locations indicated that D. youngineri were 12 times more likely to occur in open-canopy habitat than forested habitat. Welch et al. (2007) hypothesized that the affects of vegetation structure on soil hydrology could constrain burrowing crayfish reproduction and dispersal abilities and thus effect habitat suitability at some spatial scales. These results suggested that habitat for D. youngineri was similar to that of D. crockeri at both the landscape-and patch-scales and might be associated with the historical prairie habitat of the region (Welch and Eversole, 2006; Welch et al., 2007; Welch, 2008) .
Frequently more than one crayfish was encountered in individual burrow excavations. Hobbs and Carlson (1985) observed a form I male and female together in a burrow, and a female with attached early instars and a female with several young individuals in the same burrow. Young-ofthe-year D. crockeri appear to remain with the female Fig. 2 . Occurrence records of Distocambarus youngineri in Newberry County, South Carolina. The star identifies the type locality and solid squares indicate multiple locations that are in close proximity and may not be separate populations.
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through much of the first year of life (Welch and Eversole, 2008) . It is not known how long offspring remain in the parent's burrow, but large older juveniles have been collected from burrows with an adult female (Hobbs and Carlson, 1985) . Fewer large older juveniles were encountered in burrows following recruitment of a new age class (Welch and Eversole, 2008) . Hobbs and Carlson (1985) reported that juvenile D. youngineri appeared to construct simple burrows emanating from the mother's burrow. Small burrows were also observed leading off the main subvertical burrow of the D. crockeri parent (Welch, unpublished data) . Construction of these side burrows may serve as a juvenile dispersal mechanism for D. youngineri and D. crockeri because considerable danger and difficulty is associated with surface travel and burrow construction, especially during dry periods.
No other crayfish species were found in burrows with D. youngineri, but other primary burrowing crayfish, e.g., Cambarus reduncus Hobbs, 1956, were excavated from nearby burrows. Detailed records of burrow associates and commensals are lacking.
Reproduction.-Very little is known about the reproductive biology of D. youngineri. A summary of collection records revealed that juveniles comprised a majority of the collected specimens and the sex ratio favored females 1.46 to 0.54 males (Hobbs and Carlson, 1985; Eversole, unpublished data) . First form males and females with attached young were collected in February and March, and females bearing sperm plugs in February (Hobbs and Carlson, 1985; Eversole, unpublished data) . No ovigerous females have been collected, but one female collected in Febuary had 14 attached young instars. These data, albeit limited, suggest that reproduction in D. youngineri occurred in late winter/early spring, the wetter part of the year, similar to the reproductive period observed for D. crockeri (Welch and Eversole, 2008) . If other life history traits for these two species are similar, then D. youngineri would probably exhibit the classic K-selected species traits of slow growth, late maturity, low fecundity, and longevity observed for D. crockeri (Welch and Eversole, 2008) .
CONSERVATION FACTORS
Threats.-Because free water in the burrow is essential for crayfish egg incubation and instar development (Reynolds, 2002) , and soil moisture conditions affect burrowing activity and juvenile dispersal (Gherardi, 2002) , alteration of soil hydrology represents a major threat to D. youngineri. Ditch construction and drainage tiles are two common methods of changing soil hydrology for agricultural and forestry purposes (Schlaudt, 1955) . Primary burrowing crayfish habitat may also be affected when succession from open-canopy habitats to forest increase evapo-transpiration, and decrease soil hydro-period and the suitability of the habitat (Welch et al., 2007) . Probably a more insidious impact would be the overloading of ground water with contaminants because of crayfish sensitivity to pesticides, nutrients, and industrial pollutants (Meade and Watts, 1995; Eversole and Seller, 1996; Allert et al., 2008) .
Juvenile stages of many crayfish species are more sensitive to water-borne toxicants than larger crayfish adults (Eversole and Seller, 1997), but unfortunately acute toxicity test data for any life stage of hypogean crayfish is lacking (Humphreys, 2007) . Compounding these threats is the limited range of D. youngineri, because species with small ranges are more vulnerable to extirpation (Gilpin and Soulé, 1986) .
Conservation Action.-The South Carolina Department of Natural Resources (SCDNR) identified 23 priority crayfish species for conservation in the state with D. youngineri ranked as the highest priority (SC CWCS, 2005) . The needs and challenges for crayfish were outlined for the priority species including D. youngineri. A biologist was also hired by SCDNR to develop a conservation strategy for crayfish and other selected invertebrates.
Conservation Recommendations.-Although limited, landscape-and patch-scale habitat analyses indicate a high degree of habitat specificity for D. youngineri and it seems likely that the species' rarity and imperilment is partially due to the loss of open-canopy, prairie-like habitat. In the absence of historical disturbance regimes these open canopy habitats should be maintained through period mowing or prescribed burning. Future studies are needed to determine D. youngineri dispersal rates, but the high degree of endemism and habitat specificity for this species suggests it is a poor disperser. Thus, future management should focus on acquiring property with D. youngineri populations present and managing for open-canopy habitats with prairie or savanna-like vegetation structure.
The SC CWCS (2005) conservation recommendations for D. youngineri include continued distribution surveys to assess the species presence/absence, the establishment of a monitoring program to document changes in the population status, and an evaluation of groundwater table effects on population dynamics to determine habitat requirements. Protection of D. youngineri population sites through collaborative agreements either by conservation easements or land purchase is recommended. We also recommended that programs that emphasize the unique nature of D. youngineri and other terrestrial burrowing crayfish found in the state be developed and implemented to educate the public.
CONCLUSIONS
South Carolina biologists are concerned for Distocambarus youngineri and other members of the genus Distocambarus found in the state. All the Distocambarus species were given priority conservation rankings, and D. youngineri was ranked the highest priority species (SC CWSC, 2005) . This species is also listed as S1, G1 (SC CWSC 2005), endangered (Taylor et al., 2007), and vulnerable (IUCN, 2001 ) because of its limited distribution and observed historic declines at population sites (Eversole, 1995a, b, unpublished data) . Recent surveys have identified new population sites; however, all these sites are located within a small portion of Newberry County, South Carolina (Welch, 2008) . Some of the collection sites that appear to be small discrete colonies of D. youngineri are more vulnerable to extirpation events (Gilpin and Soulé, 1986) . The small geographic size of known D. youngineri colonies, however, facilitates protection of the species through land purchases or conservation easements, at least until research determines the habitat requirements and a management plan is established. Ultimately, conservation of D. youngineri will rely on education of land owners, because most of the colonies occur on private land (Eversole, 1989 (Eversole, , 1990 (Eversole, , 1995b .
